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ABSTRACT

Purpose: The purpose of this study is to investigate the effect of 8§ weeks virtual reality training
Article info: on static and dynamic balance and performance of in male athletes with functional ankle
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. instability
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. from 18 to 25 years were selected purposefully from Tehran province league male athletes
based on inclusion and Exclusion criteria. Then Subjects were randomly divided into two
groups included 15 subjects of virtual reality exercises and control group. After a 5 minute
warm-up program, the static and dynamic balance and performance were measured by stork
test, y balance test and side jump and triple jump test respectively. Then, training group
completed an 8-week (24 sessions) exercise program. Finally, after completing the training
protocol, a similar post-test with pre-test was done. To test and analyze datum, also analysis,

paired t-test and ANCOVA statistical method was used.
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Results: Paired t-test and analysis of covariance showed that there was a significant difference in
all variables in the post-test compared to the pre-test and also between the two groups (P<0.50).
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Performance ¢ this exercises to improve balance and performance in athletes with functional ankle instability.
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Highlights

e Virtual reality-based exercises have the ability to improve static and dynamic balance and performance of athletes
with functional ankle sprains.

Plain Language Summary

People who suffer from recurrent ankle sprains are said to have ankle instability. Finding a solution to this problem
seems necessary. Thirty semi-amateur athletes present in the leagues of Tehran Province from the volleyball, basket-
ball, football, and futsal leagues were randomly selected according to the selection and exclusion criteria and were
divided into a control group and an experimental group (exercises based on virtual reality). The experimental group
performed virtual reality-based exercises for 8 weeks and 3 sessions per week, under the supervision of the researcher.
According to the results of this study, virtual reality-based exercises have a significant effect on static and dynamic bal-
ance and performance of athletes, and these exercises can be used to improve static and dynamic balance, as well as the
performance of basketball, volleyball, football and futsal players. The use of virtual reality and games is one of the new
ways to use technology in order to rehabilitate people with balance disorders and postural control, which in addition to
providing rehabilitation facilities and required movement and functional activities, these facilities in the environment
provides a home and eliminates the need for them to go to the relevant clinics. The attractiveness and novelty of these

exercises make athletes and coaches more willing to use these exercises than traditional exercises.

1. Introduction

n proportion to the increasing tendency

towards exercise, musculoskeletal inju-

ries that are an inevitable part of the ex-

ercise have also increased [1]. Also, the

complete elimination of sports injuries

is impossible. However, the prevalence
and severity of injuries can be significantly reduced by
appropriate strategies.

Studies indicate that most of the sports injuries are as-
sociated with lower limbs [2]. The ankle is the most com-
mon injury site of the body, accounting for 25% of all
sports injuries [3]. Patients who suffer from recurrent an-
kle sprains are said to have ankle instability. Ankle insta-
bility exists both mechanically and functionally. Freeman
first defined functional instability as the foot’s tendency
to twist frequently or muscle fatigue [4]. Functional in-
stability is a different phenomenon from mechanical
instability. However, both can exist simultaneously. Me-
chanical instability refers to joint movement beyond the
normal physiological range, while in functional instabil-
ity, the joint movement goes beyond the individual’s vol-
untary control in the physiological range [5].

Among ankle injuries, the external ligament springs ac-
count for 85% of all injuries. Also, external ankle sprains
have obvious disturbing consequences, including func-
tional instability (70% of cases), the impairment of postur-
al oscillation and balance, the weakness of surrounding

muscles, the dysfunction of neuromuscular muscles, pro-
prioception impairment, the decreased range of motion,
wrist joint flexion, and increased athlete reaction time [1].

In this regard, Delahunt et al. mentioned that patients
with functional ankle instability showed changes in
muscle activation and movement patterns in areas far-
ther from the site of the original injury. Also, these peo-
ple show altered walking kinematics, which is probably
caused by compensatory changes in the feedforward
control of the motor program [6].

Various studies have examined the use of conservative
therapies, including balance exercises, neuromuscular
training with balance board, strength training, plyomet-
ric training, and core stability training [7-12]. These ex-
ercises primarily aimed to improve neuromuscular func-
tion and the kinetics and kinematics of the ankle joint. A
literature review suggested that these exercises could not
reduce the prevalence of ankle sprain injury as it should.
One of these exercises is virtual reality-based training
that is a new technology emphasizing the graphical en-
vironment. This training not only creates the feeling of
being in a physical environment but also simulates the
interaction of the person with that environment [13].
This technology can increase the quality of life and im-
prove individuals’ health and functional abilities because
it enhances individuals ability to perform various daily
activities [14]. According to studies, virtual reality and
games are methods that use new technology to reha-
bilitate people with disabilities, children, and the elderly
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with impaired balance and postural control. Besides,
these exercises eliminate commuting to relevant clinics
and provide rehabilitation facilities and movement and
functional activities required by these people [15-19].
One of the games designed in this regard is the Nintendo
Wii Fit. The Nintendo device puts a pleasant image with
a resolution of 1080 x 1920 in front of the user. The de-
vice is equipped with five USB ports, a unique port for
Kinect, HDMI and AV outputs, Toslink output, and Wi-
Fi wireless network. The Wii Fit game presents many
balance challenges to the user. In this regard, studies in-
vestigated the effect of virtual reality-based training on
upper and lower limb rehabilitation, in the elderly group
with mobility problems and mental disabilities. All the
studies have reported the usefulness of these exercises
in the rehabilitation phase [15, 20]. Despite all the ben-
efits of using this training method, studies are limited to
a handful of athletes, especially in injury prevention and
returning to exercise after an injury, which is the prima-
ry goal of sports pathology [21]. It raises a question in
the mind: compared with the other standard methods of
training, whether the use of these exercises is effective
in preventing or safely returning athletes with functional
ankle instability to exercise?

For example, Kim et al. compared the effect of virtual re-
ality-based training and traditional rehabilitation training
on athletes with functional ankle instability. The virtual
reality exercise group showed more power than the tradi-
tional rehabilitation exercise group, only in the plantarflex
motion. Also, in other movements, the muscle strength of
the virtual reality exercise group was higher than that of
the rehabilitation exercises group. However, both train-
ing groups revealed a significant improvement, compared
with the control group [22]. Babadi et al. also examined
the effect of a virtual exercise program on motor coordi-
nation in the elderly. The authors concluded that virtual
exercises improved motor coordination in the elderly, and
virtual reality-based training could be used as a new and
attractive training method to improve the elderly’s coordi-
nation, in the daily programs of nursing homes [23].

On the other hand, previous studies show that it is chal-
lenging to convince coaches and players to solely carry out
preventive programs to prevent injuries unless performing
these exercises directly impact player performance [24].
Therefore, the best way to prevent injuries is to design a
comprehensive program that emphasizes improving the
performance of athletes and preventing injuries. Thus, it
seems necessary to investigate the effect of this training
method, which is performed to prevent or rehabilitate ankle
injuries, and especially, the functional instability injuries
of the ankle and examine the effect of using this training
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method on variables, such as the balance and performance
of athletes. Therefore, this study aimed to investigate the
effect of eight weeks of virtual reality-based training on
the static and dynamic balance and performance of male
athletes with functional ankle instability.

2. Materials and Methods

The present research was an experimental study with
a pre-test-post-test design that included an experimen-
tal group (virtual reality-based training) and a control
group. The statistical population consisted of semi-ama-
teur athletes in the leagues of volleyball, basketball, foot-
ball, and futsal fields, in Tehran province. Based on the
inclusion and exclusion criteria, 30 subjects were ran-
domly selected from these athletes. They were randomly
assigned into a control group and an experimental group
(virtual reality-based training).

Inclusion criteria included the age range of 18 to 25
years; having at least two years of sports experience in
volleyball, basketball, football, or handball; having func-
tional ankle instability; a history of at least one external
ankle sprain injury (which requires some time to protect
against weight intolerance with inactivity), in the last
two years; and being able to bear the weight fully dur-
ing the study [25, 26]. Exclusion criteria included pain
in any part of the body during the test so that the subject
is unable to cooperate [27], more than two sessions of
absence in the training sessions [28], the history of ner-
vous or atrial system disorders, a history of ligament or
meniscus injury, and head trauma.

The study samples were randomly assigned into a vir-
tual reality-based training group (n=15) and a control
group (n=15), after identifying based on the inclusion
and exclusion criteria. Also, the samples received the
necessary explanations about the research and signed the
consent form of voluntary and informed participation in
the research. Then, based on a specific schedule, the par-
ticipants were asked to attend the gymnasium of Kharaz-
mi University dormitory to make pre-test measurements.
After the subjects’ presence, the initial information form
was first completed, then, anthropometric measurements
were performed on each person. The Stork balance test
and the Y balance test were used to measure static and
dynamic balances, respectively.

The Stork balance test was performed while the athlete
stood on his injured leg and placed the sole of his unin-
jured foot next to the inside of his superior knee with the
fingers facing down (Figure 1). For this test, the hands
should be on the waist and the pelvic crown, then, the
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Figure 1. The Stork test

subject is asked to close his eyes and lift the heel of the
superior foot off the ground and stand on his superior
plantar fascia, with the examiner’s command. The du-
ration of the test is recorded as the heel is lifted. If the
subjects’ balance is upset for any reason or they make
a mistake, time is stopped and recorded. Each subject
performed this test three times; the average of the three
performances was considered as the final record for each
subject. The validity and reliability of the test are 0.96
and 0.87, respectively, which are acceptable [29].

For the Y balance test, three meters of tape measure
were glued to the ground in three directions. So that, the
zero meter mark was located in the center of the test site;
one of the tape measures was directed anteriorly, and the
other two tape measures had the angle of 135° with the
anterior tape measures. The subjects stood on their in-
jured leg in the center of the test site to perform dynamic
balance. Then, they tried to maintain their balance while
trying to stretch the other foot as far as possible in three
directions (anterior, posterior-interior, and posterior-ex-
terior). When reaching maximum distance, the subject
should slowly touch the tape measure with the reaching
foot and return to the initial state (Figure 2). Then, the
amount of reaching distance (normalized by dividing
by the length of the foot and multiplying by 100) was
recorded as the measure of performance [18]. As with
the static balance test, each subject performed the test
three times; the average of the three performances was
considered as the final record. Pollock reported a very
high reliability (0.8-0.95) for this test [30].

The performance of the subjects was also evaluated
with the lateral jump and triple hop tests. The lateral
jump test was used to measure the power, speed, balance,
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and rotational stability of the lower limb, emphasizing
one-legged control [31]. Ortiz et al. reported the inter-
test reliability of 0.97 for the lateral jump test, in healthy
athletes [31]. At this test, the subjects first stood next to
the starting line, with the foot by which they intended to
perform the test (injured leg). Then, they slightly bent
their other leg from the hip and knee, so that, he would
not hit the ground. Next, the subjects went back and forth
10 times at maximum speed. Besides, a distance of 30cm
was marked with two parallel pieces of paper glued on
the ground in the form of hopping. Also, the elapsed time
was recorded with an accuracy of 0.01 seconds as the
performance score. Moreover, the subjects were asked to
keep their hands on the iliac crest during the test to avoid
oscillating hand movements (Figure 3).

The subjects performed this test with sneakers and
made one to three attempts [32]. The subjects were asked
to perform two performances with a 30-second break to
record the scores. The best record of the subject was used
to analyze the data [32]. If the subject landed on the two
parallel pieces of paper glued or lost his balance during
the test, it would be considered an error, and the test was
repeated [32].

The triple hop test is used to assess lower limb strength
and power. Hamilton et al. reported the test-retest reli-
ability of 0.98 for this test [33]. Hamilton has introduced
the triple hop test as a highly validated test for predict-
ing lower limb strength and power in healthy college
athletes. Thus, it is considered a suitable test for pre-
season evaluations. At this test, the subjects stood with
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Figure 3. The lateral jump test

the injured foot behind the starting line, so that their toes
were behind the starting line (Figure 4). The subjects
performed three maximum consecutive jumps with one
leg in a straight line, also, their scores were calculated
in centimeters, measuring from the starting line to the
point where the heel hit the ground in the third jump. The
subjects were asked to keep their hands on the iliac crest
during the test and not use the arms’ oscillating move-
ments to jump further [33]. To perform the test and re-
cord the scores, the subject performed two performances
with a 30-second break. The best record of the subject
was used to analyze the data [33].

The subjects were allowed to perform one to three at-
tempts in all tests. After completing the pre-test measure-
ments, the experimental group performed virtual reality-
based training under the supervision of the researcher,
for eight weeks and three sessions per week (Table 1).

Table 1. Exercise protocol

January 2021. Volume 11. Number 1

Figure 4. The triple hop test PHYSICAL TREAT MENTS

Besides, the control group was asked not to do any spe-
cific sports activity during the study period and engage
in their normal daily activities. Before $tarting the train-
ing course, a training session was held to familiarize the
experimental group with virtual reality training using the
Plus Nintendo Wii Fit (Nintendo Inc, Kyoto, Japan). The
samples of the experimental group first warmed up their
body for 10 minutes. Then, under the researcher’s super-
vision, they performed 30 minutes of the selected strength
and balance exercises, three sessions per week, for eight
weeks. The warm-up included five minutes of riding on a
stationary bike at a constant and predetermined speed (60
rpm with a resistance of 45 W) and five minutes of the
warm-up and stretches of the lower limb muscles.

A simple power plate is used to control the move-
ment of the character in the game by transferring his/her
weight on it, so that, the character in the game moves to

Weeks Game/Movement Set x Repetition
Balance bubble 3x30
Sloping table 3x30
Weeks 1to 4 Dribble with the head 3x30
Hula-hoop 3x30
Gliding penguin 3x30
Moving on a rope (rope walking) 3x30
Slalom skiing 3x30
Football match 3x30
Weeks 4 to 8
Standing leg adduction (single-leg) 3x30
Rotating the thigh in and out (single-leg) 3x30

3x30

PHYSICAL TREATMENTS
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the right by transferring weight to the right. This video
game includes games, such as hula-hooping, football,
slack rope walking, skiing, and many yoga movements
[22] (Figure 1). Such games and movements challenge
the balance of the individual in various ways. One must
carefully observe the movements of the character (the
effective use of the visual system), interpret the observed
images, and decide on the appropriate type of movement
in response to these images to succeed in establishing
and maintaining balance. The individual’s symmetric
equilibrium is tested, challenging the person to maintain
their center of gravity and the center of balance at one
point and using visual feedback to guide and control the
character in the game [21].

The Shapiro-Wilk statistical test was used to check the
normality of the data. Then, the descriptive statistics of
mean and standard deviation were used to describe the
information. Also, the paired t-test was used to compare
the intragroup results, and the Analysis of Covariance
(ANCOVA) was used to compare the intergroup results.
All statistical analyses were performed at the signifi-
cance level of 0.05, using SPSS V. 20.

3. Results

Table 2 reports the anthropometric characteristics re-
lated to the age, height, weight, and body mass index of
the study subjects by the respective groups. The Shapiro-
Wilk test indicated that the data were normally distribut-
ed. Therefore, parametric statistical methods were used
to analyze the obtained data. A paired t-test was used to
compare the intragroup results, and ANCOVA was used
to compare the intergroup results in the post-test. The
significance level of less than 0.05 was considered in all
tests (Table 3). After six weeks of training, the paired
t-test showed a significant difference between pre-test
and post-test in static and dynamic balance and the per-
formance of athletes in the experimental group. More-
over, the post-test performance was increased in the two
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groups, compared with the pre-test (P>0.05). This result
indicates an improvement in static and dynamic balance
and performance in the experimental group, but no sig-
nificant difference was observed in the control group,
considering the mentioned variables (P<0.05). Besides,
the ANCOVA was used to compare the difference be-
tween static and dynamic balance scores and the perfor-
mance in the two groups; Table 3 reports the test results.
The ANCOVA results showed a significant difference
between the two research groups in all variables in the
post-test, after controlling the effect of the pre-test (co-
variate) (P<0.05).

4. Discussion

This study aimed to compare the effect of eight weeks
of virtual reality-based training on the static and dynamic
balance and performance of male athletes with functional
ankle instability. The present study results showed that the
static and dynamic balance and performance of athletes
significantly improved after eight weeks (P<0.05). The
study of the effect size of virtual reality-based training by
the eta-squared method indicated the great effect of these
exercises on static and dynamic balance and performance.
We tried to use the studies that had the closest results to
the present study because virtual reality-based training is
anew training method and research resources are not very
rich. The results of the present study were in line with
those of the Feng et al. [34], Kim et al. [22], and Babadi et
al. [23], and no study contradicts the present study.

In a study on functional ankle sprains, Feng concluded
that virtual reality-based training could be used to ad-
junct other exercise techniques by athletes [34]. Also,
Kim et al. compared the effects of virtual reality-based
training and traditional rehabilitation training on athletes
with functional ankle instability. These authors conclud-
ed that only in the plantarflexion motion the virtual real-
ity training group had more power than the traditional
rehabilitation exercise group. In other muscle move-

Table 2. Descriptive statistics of the anthropometric characteristics of the study sample (n=15)

MeantSD
Variables P
Experimental Group Control Group
Mean age (y) 23.2421.32 24.1%74.75 0.64
Mean height (cm) 175.1+£10.15 176.3164.25 0.92
Mean weight (kg) 70.4+61.02 68.1+18.42 0.13
BMI (kg/m?) 23.07+1.19 22.06+2.34 0.11
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Table 3. Results of paired t-test and ANCOVA to examine intragroup and intergroup differences

Variables Control Group T(P) Virtual Reality T(P) F(P) Partial Eta-squared
Static balance, s -0.65 (0.52) 3.99 (0.002)*  23.04 (0.001)* 0.58
Pre-test 1.00+0.24 0.98+0.28
Post-test 1.07+0.16 0.71+0.18
95% Cl 1.09, 0.95 0.78,0.64
Dynamic balance (general index) -1.00 (0.33) 9.47 (0.001)* 25.73 (0.001)* 0.6
Pre-test 70.98+2.14 67.33+1.25
Post-test 69.92+2.14 73.74£2.63
95% ClI 2.89,2.69 10.53+1.12
Lateral Jump, s 0.77 (0.64) 8.36 (0.001) 12.67 (0.02) 0.70
Pre-test 10.82+1.05 10.53+1.12
Post-test 11.04+0.75 7.72+0.70
95% Cl 10.41+1.65 8.52+2.4
Triple hop test, m 1.13(0.91)
Pre-test 3.91+0.29 4.24+0.23
Post-test 3.92+0.31 4.82+0.25
95% Cl 3.12+0.21 4.89+0.38

* P<0.05.

ments, rehabilitation exercises were more effective, but
the improvement was significant in both training groups,
compared with the control group [22]. Babadi et al. also
investigated the effect of a virtual exercise program on
motor coordination in the elderly. These authors con-
cluded that virtual exercises improved motor coordi-
nation in the elderly, and virtual reality-based training
could be used as a new and attractive training method to
improve the elderly’s coordination in the daily programs
of nursing homes [23].

The effectiveness of virtual reality-based training that
was confirmed in the present study, can be attributed to
several factors. Balance is a multifactorial issue influ-
enced by various factors, such as strength, the depth of
feeling, the speed of reaction, and movement [35].

Previous studies have shown that the exercises of a hy-
brid nature more significantly affects balance, compared
with the exercises that emphasize only one variable
[35, 36]. The multifactorial nature of equilibrium can
well confirm this statement. It seems logical that virtual
reality-based training can improve balance by influenc-
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ing several important and influential factors on balance,
namely power, proprioception, reaction speed, and the
coordination of movement at the same time [19].

In a review study of balance and neuromuscular train-
ing, Habcher et al. concluded that the use of balance and
neuromuscular training improved neuromuscular com-
munication. It also significantly reduced acute wrist and
knee injuries by reducing latency function. Therefore,
performing such exercises is effective due to better neu-
romuscular coordination and the increased coordination
of visual, vestibular, and sensory systems. It is an excel-
lent exercise to improve the balance of athletes. Thus,
the exercises designed in this study might improve bal-
ance by increasing the efficiency of sensory receptors
and facilitating neuromuscular receptors, while improv-
ing joint proprioception [37].

To prevent injury, it is suitable to design an exercise
program to strengthen balance, improve postural oscil-
lation, and increase proprioception accuracy. Besides,
this exercise program is safer and faster for the athlete
to return to the sports scene. In the present study, the
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athletes were selected from the fields of basketball, vol-
leyball, football, and handball. These disciplines include
the most non-collision injuries of the lower extremities,
such as zigzag movements, shear generative maneuvers,
and jumping and landing mechanisms. Therefore, to im-
prove performance balance, a research training protocol
requires jumping and landing on one and two legs, ma-
neuvers, and zigzag and shear movements without the
loss of balance and agility in the frontal and sagittal di-
rections [38].

Functional movements, such as jumping, landing, ro-
tating, and shearing are defined as part of the specific
functional repertoire of each individual. Functional ca-
pacity is the part of the brain’s motor repertoire, in which
specific movements are referred to as general skills
(walking, sitting, running, etc), and others are classi-
fied as special skills (specialized movements in various
sports). Functional rehabilitation helps people regain
functional capacity by the motor repertoire of their brain
[39]. Regarding sports injury rehabilitation, Lederman
suggests that in the injury rehabilitation phase, it is better
to use those exercises that exist in the person’s move-
ment repertoire and the person is relatively familiar with
them [40]. Also, he states that neuromuscular training
used in the rehabilitation phase of injury must have five
characteristics:

First, the chosen exercises must be known to the per-
son, and the person performs the movements with the
full knowledge of the purpose of the exercise. Accord-
ing to the training protocol, the present study tried to use
movements that are common in handball, basketball,
and volleyball, and the person has full experience and
knowledge in performing the movements. In this regard,
we can refer to various jumping and shear movements
used in the present study.

Second, the exercises should be performed actively,
and the person should be involved in performing the
movements.

The third characteristic expressed by Lederman is the
provision of feedback to the athlete. Receiving verbal,
observational, or internal feedback (proprioception) dur-
ing exercise time will make the exercises more effective,
also, the athlete will perform the movements correctly.
The present study should be used as an observation (pay-
ing attention to the character performing the movement).

The fourth feature is that the subjects have to do the
exercises with the necessary repetition to achieve the de-
sired effectiveness.
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The last feature is the principle of the similarity of
training, which is one of the most crucial neuromuscular
training requirements. It means that the exercises should
be similar to what a person does on the field or when
calling for movement needs [40]. The exercises designed
in the present study largely provide the ability to simu-
late the movements used in the sports of handball, bas-
ketball, and volleyball.

In the protocol used in the present study, attempts have
been made to design movements that can be performed
at all three levels and the axes of movement. Also, in
all designed movements, observing the characteristics of
Lederman rehabilitation exercises reported above was
considered the most effective exercise. The functional
tests used in the present study are such that they require
muscle involvement in all motor axes. Therefore, the
positive effect of virtual reality-based training can be at-
tributed to the factors affecting the quality of neuromus-
cular training. Finally, it is essential to note that there
is no conclusive evidence that new virtual reality-based
training affects athletes with functional ankle instability.
In this regard, more studies are needed.

5. Conclusion

Virtual reality-based training can improve static and
dynamic balance and performance in athletes with func-
tional ankle sprains. Based on the present study results,
trainers and specialists can use these exercises in medi-
cal and physiotherapy centers. One of the limitations of
this study was commuting studying subjects to a suit-
able place to perform exercises and a small number of
subjects. Also, future research could use implications for
virtual reality-based training in different age groups and
on different subjects and athletes from different disci-
plines to prevent injury.
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